WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A01K 73/02, 73AM 



Al 



(11) International Publication Number: WO 98/46070 

(43) International Publication Date: 22 October 1998 (22.10.98) 



(21) International Application Number: PCT/US98/07848 

(22) International Filing Date: 1 4 April 1998 (14.04.98) 



(30) Priority Data: 
60/043,618 



14 April 1997 (14.04.97) 



US 



(71) Applicant (for all designated States except US): MARTRAWL, 

INC. [US/US]; 2300 W. Commodore Way, Seattle, WA 
98199 (US), 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SAFWAT, Sherif 
[US/US]; 1925 Dormer Avenue No. 3. Davis, CA 95615 
(US). PEREVOSHCHIKOV, Valentin G. [RU/RU]; Apart- 
ment 2, Sevastyanova Street 25, Kaliningrad, 236040 (RU). 

(74) Agent: JOHNSON, Lee, E.; Christensen O'Connor Johnson 
& Kindness, Suite 2800, 1420 Fifth Avenue, Seatue. WA 
98101 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, PI, GB, GE, 
GH. OM. GW, HU, ID. EL, IS, JP, KB, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI SK, SL, 
TJ, TM, TO. TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KB, LS, MW, SD, SZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DB, DK, ES, FI. FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, a, CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: IMPROVED CELL DESIGN FOR A TRAWL SYSTEM AND METHODS 




(57) Abstract 

Mesh bars (35, 283) of a trawl (13, 263) include at least a portion having a corkscrew-shaped pitch which exhibits a hydrofoil-like 
effect. Such mesh bars (35, 283) are preferably formed from a material having a substantially incompressible cross-sectional shape. By 
appropriately selecting the lay and leading edge of mesh bars (35, 283), movement of the trawl (13, 263) through the water entrained 
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reduced vibration, noise, and drag. Obtaining the greatest improvement of trawls (13, 263) requires controlling a pitch range for twisted 
product strands (e.g. twisted ropes) (36, 37), and for straps (284) forming mesh bars (35, 283). For straps (284), control of a width to 
thickness ratio also significantly affects performance of the crawl (13, 263). 
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IMPROVED CELL DESIGN FOR A TRAWL SYSTEM 
AND METHODS 

Technical Field 

5 The present invention relates to an improved mesh cell 

design for a trawl system (that by definition is iterated or 
cloned in varying geometric patterns) providing improved shaping 
and performance, especially when incorporated in mid-water or 
bottom trawls of such systems. 

10 

Background Art 

It is well understood that the basic cell of a selected 
portion of every trawl system is the unit cell (called mesh cell 
hereinafter) . The selected portions of the trawl system is then 

15 built by repeating the shape of the basic mesh cell. 

It is axiomatic that the ability to predict the overall 
shape and performance of the finished product depends entirely on 
the shape and structural integrity of that single basic mesh 
cell. Heretofore, proper trawl making was a two-step process 

20 that involved initial construction of undersized mesh cells, and 
setting the knots and mesh sizes by the substeps of depth 
stretching and heat setting involving turning the finished mesh 
in direction opposite to its natural bent and applying first 
pressure, and then heat to set the knots. 

25 Materials used in mesh cell construction can be plastics 

such as nylon and polyethylene but other types of natural occur- 
ring fibers also can be (and have been) used. Single, double (or 
more) strands make up a thread or twine composed of, say, nylon, 
polyethylene and/or cotton. Additionally, in making the mesh 

30 portion of conventional trawls particularly mid-water trawls 
especially the forward section mesh portion thereof, braided 
cords and twisted ropes of natural and synthetic materials, 
bonded and unbonded, and cables have been used. However, the 
pitch of any braided or twisted thread, such as a twine, cord 

35 and/or rope (distance between corresponding points along one of 
the strands constituting one turn thereof which is analogous to 
the pitch between corresponding screw threads) either has usually 
been small, or has produced shallow or narrow depressions. 
Conventional trawl making practices balance the towing force 
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generatable by a vessel against the largest possible trawl for a 
particular fishing condition, i.e. a trawl having the minimum 
possible drag. Thus, conventional trawl makers are taught to use 
the smallest possible diameter twine to reduce drag. According- 
5 ly, meshes in conventional trawls, and especially the mesh of the 
forward sections of mid-water trawls, have been made of twines, 
including conventional three strand twisted twines of any pitch 
including loose pitch, that have relatively shallow or narrow and 
uniform spiral depressions, or smaller diameter braided twines 

10 having an equivalent breaking strength. Moreover, modern 
manufacturing processes using threads, such as twines, cords, 
cables or ropes to form mesh cells, have always been designed to 
produce mesh cells in which twist direction of the individual 
bars comprising each mesh cell, if any, is always the same. None 

15 have proposed the systematic and regular use of differently 
oriented twist for individual mesh bars of the mesh cell in the 
manner of the present invention. 

Even though various Japanese Patent Applications superfi- 
cially describe mesh cells for nets in which mesh bars have 

20 differing lay directions, (see for example, Jap. Pat. Apps. 
57-13660, 60-39782 and 61-386), the mesh bars employ convention- 
al, essentially smooth twine or rope. The patent applications 
disclose differing lay directions of conventional, essentially 
smooth twine or rope for balancing residual torque within the net 

25 structure during its deployment and use, not for generating lift 
that enhances of trawl system performance. The first-mention 
Application, for example, states that its purpose is to provide 
"net .legs with different twist directions according to a fixed 
regular pattern so that torsion arid torque of said net legs are 

30 mutually canceled." The use of conventional, essentially smooth 
twine or rope will not yield substantial lift any different from 
conventional nets. 

As set forth in published Patent Cooperation Treaty 
("PCT") International Patent Application, International Publica- 

35 tion Number WO 97/13407, International Publication Date 17 April 
1997, ("the PCT patent application") it has been recently discov- 
ered that threads, such as twines, cords, braided cords, cables, 
ropes or straps, may be advantageously twisted, during assembly 
of trawl net meshes into a loose, corkscrew-shaped pitch estab- 
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lishing helical grooves that are deeper and/or broader than the 
depressions in conventional tightly or loosely twisted multi- 
strand ropes or cables making up conventional mesh bars. During 
field operations in a water entrained environment, properly 
5 orienting mesh bars having the loose, corkscrew-shaped pitch 
produces lift that increases a performance characteristic of a 
trawl system such as increased trawl volume (particularly in 
shallow water) in comparison with a trawl made from conventional 
mesh, improved trawl shape, and reduced vibration, noise, and 
10 drag. Trawl performance improves even though, contrary to 
conventional trawl design, mesh bars having the loose, 
corkscrew-shaped pitch have a diameter (or shadow area) larger 
than corresponding mesh bars of a conventional trawl. 

15 Disclosure of Invention 

An object of the present invention is to provide further 
improved trawl systems. 

Yet another object of the present invention is to provide 
trawl systems having improved performance characteristics. 

20 Briefly, the present invention improves upon the basic 

discovery disclosed in the PCT patent application that individual 
bars of a mesh cell can be formed to act as mini-hydrofoils in 
field operations. During field operations in a water entrained 
environment, the trawl disclosed in the PCT patent application 

25 becomes disposed symmetrically about a central axis. The dis- 
closed trawl includes a plurality of mesh cells, each mesh cell 
having at least three mesh bars. Each mesh bar in the trawl 
intersects with at least one other mesh bar. During field 
operations with the trawl in a water entrained environment, at 

30 least a portion of at least one of the mesh bars of at least one 
of the mesh cells in the trawl exhibits a substantial 
hydrofoil-like effect that aids in increasing a performance 
characteristic of a trawl system. That portion of mesh bars in 
accordance with the present invention which exhibit a substantial 

35 hydrofoil-like effect is preferably formed from a material that 
has a substantially incompressible cross-sectional shape, is 
offset from the central axis of the trawl, and is formed with a 
hydrofoil shape that: 
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1. has a lay with a loose, corkscrew-shaped pitch estab- 
lishing a corkscrewing groove that provides cambered 
sections; and 

2. is oriented to establish leading and trailing edges for 
5 that portion of mesh bars which exhibit the 

hydrofoil-like effect. 
The lay of that portion of mesh bars which exhibit the 
hydrofoil-like effect has an orientation relative to a receding 
direction, and the leading edge for that portion of mesh bars 
10 which exhibit the hydrofoil-like effect, when normalized to the 
receding direction relative to the central axis, resides at a 
side of the mesh bar. Pairs of lay and the leading edge are 
selected for mesh bars from a group consisting of: 

1. a left-hand lay, and the leading edge being a right 
15 side of the mesh bar as viewed in the receding direc- 
tion; and 

2. a right-hand lay, and the leading edge being a left 
side of the mesh bar as viewed in the receding direc- 
tion. 

20 If the lay and leading edge are selected from the preceding 
group, then movement of the mesh bar in accordance with the 
present invention through the water entrained environment rela- 
tive to a water flow vector that is neither parallel nor perpen- 
dicular to the mesh bar creates a pressure differential across 

25 that portion of mesh bars which exhibit the hydrofoil-like 
effect. The pressure differential thus created across such mesh 
bars establishes a lift vector relative to the central axis of 
the trawl, most commonly directed away from the central axis of 
the trawl. Consequently, the lif% vector created by movement of 

30 the mesh bars which have a portion that exhibits the 
hydrofoil-like effect increases the performance characteristic of 
the trawl which is selected from a group consisting of substan- 
tially increased trawl volume (particularly in shallow water) in 
comparison with a trawl made from conventional mesh, improved 

35 trawl shape, and reduced vibration, noise, and drag. 

Various other aspects of the present invention further 
improve the performance of trawl systems. Thus, properly 
controlling the shape, arrangement, and distribution of strands 
assembled to form a mesh bar further improves a trawl in accor- 
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dance with the present invention. The proper pitch for the 
loose, corkscrew- shape is advantageously controlled so the pitch 
of each mesh bar is in a range of 3d to 70d, with a range of 5d 
to 55d being preferred, where d is: 
5 1. for a pair of twisted strands forming a mesh bar, the 

diameter of the smaller strand of the pair; 
2. for mesh bars that include more than a pair of twisted 
strands or strands of differing diameters, the diameter 
of the next-to-largest diameter twisted strand; or 

10 3, for straps forming a mesh bar, the width of the strap. 

Within the preferred pitch range, a pitch of 5d to 15d generally 
produces maximum lift for mesh bars formed from product strands, 
while a pitch of 25d to 55d generally produces minimum drag for 
mesh bars formed from product strands. 

15 For mesh bars formed by straps, a pitch of 8d to 30d 

generally produces maximum lift, while a pitch of 9d to 21d 
generally produces minimum drag. A ratio for the width of the 
strap to a thickness of the strap is preferably in a range of 
1.5:1 to 20:1. Straps for which the ratio is in a range from 

20 2.5:1 to 2.75:1 provide both low drag and good lift. Straps for 
which the ratio is in a range from 2.75:1 to 10.0:1 provide high 
lift. Straps for which the ratio is in a range from 1.8:1 to 
2.5:1 provide low drag with good lift. Straps for which the 
ratio is in a range from 1.5:1 to 1.8:1 exhibit lower drag. 

25 Straps in the range from 1.8:1 to 2.5:1 may be used advantageous- 
ly in the mid-section and/or back-end of the trawl. Conversely, 
straps in the range from 2.75:1 to 10.0:1 may be used advanta- 
geously in the front-end, particularly near a leading edge of the 
trawl . 

30 These and other features, objects and advantages will be 

understood or apparent to those of ordinary skill in the art from 
the following detailed description of the preferred embodiment as 
illustrated in the various drawing figures . 

35 DEFINITIONS 

MESH is one of the openings between threads, ropes or cords 
of a net. 

MESH CELL means the sides of a mesh and includes at least 
three sides and associated knots or equivalent couplers oriented 



WO 98/46070 



- 6 - 



PCT/US98/07848 



in space. A quadratic mesh cell has four sides with four knots 
. or couplers/ and is usually arranged to form a parallelogram 
(including rectangular and square)/ with diamond- shaped mesh 
(trawl mesh) being preferred. A triangular mesh cell has three 
5 sides and three knots or couplers . A hexagonal mesh cell has six 
sides and six knots or couplers. 

MESH BARS means the sides of a mesh cell. 
CELL means a trawl construction unit, fishing net or the 
like and includes both a mesh cell relating to enclosable sides 

10 of the mesh of the trawl or net itself, as well as to upper 
bridle and frontropes used in towing the trawl or net through a 
water column to gather marine life. 

CELL BAR means both the sides of a mesh cell and the 
elements that make up the upper bridle, frontropes and tow lines. 

15 RIGHT- AND/ OR LEFT-HANDEDNESS IN A RECEDING DIRECTION along 

a cell bar involves establishing a central axis for the trawl, 
net or the like to which the mesh cell associated with the cell 
bar belongs. Then a normalized imaginary giant stick figure, 
that is depicted in FIGs. of the PCT patent application, is posi- 

20 tioned so his feet intersect the central axis, are rotatable 
about the central axis, his body penetrates through the cell bar, 
and his back is positioned perpendicular to and first intersects 
the water flow vector for the moving trawl, net or the like. The 
right- and/or left-handedness of the cell bar is then determined 

25 using the location of either his right or his left arm irrespec- 
tive of the fact that the position of the cell bar is offset from 
the central axis. 

THREADS are composed of synthetic or natural fibers. 
Firstly, for the present invention a thread can comprise two 

30 strands twisted along the longitudinal axis of symmetry in a 
loose fashion with a pitch in a range of 3d-70d, where d is: 

1. for a pair of twisted strands forming a mesh bar, the 
diameter of the smaller strand of the pair; or 

2. for mesh bars that include more than a pair of twisted 
35 strands or strands of differing diameters, the diameter 

of the next-to-largest diameter twisted strand. 
Or secondly, for the present invention a thread can comprise a 
extruded, woven, braided, or plaited strap that is twisted along 
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its longitudinal axis of symmetry in a loose fashion with a pitch 
in a range of 3(1-70(1, where d is the width of the strap. 

STRAP is a flexible element of synthetic or natural fibers 
that forms a mesh bar, the strap having a cross-section that is 
5 generally rectangular or can be quasi-rectangular with rounded 
short sides and elongated long sides with or without camber. In 
operation, the strap acts as a hydrofoil, preferably twisted 
along its longitudinal axis, wherein the short sides form inter- 
changing leading and trailing edges. 

10 PRODUCT STRAND includes the synthetic or natural fibers or 

filaments used to form the construction unit of the invention 
which is preferably, but not necessarily, the product of a 
conventional manufacturing process, usually made of nylon, 
polyethylene, cotton or the like twisted in common lay direction. 

15 Such strand can be twisted, plaited, braided or laid parallel to 
form a sub-unit for further twisting or other use within a mesh 
bar or a cell bar in accordance with the invention. 

NET is a meshed arrangement of threads that have been woven 
or knotted or otherwise coupled together usually at regular 

20 intervals or at intervals that vary usually uniformly along the 
length of the trawl. 

TRAWL is a large net generally in the shape of a truncated 
cone trailed through a water column or dragged along a sea bottom 
to gather marine life including fish. 

25 CODEND is a portion of a trawl positioned at the trailing 

end thereof and comprises a closed sac-like terminus in which the 
gathered marine life including fish are trapped. 

FRAME is a portion of the larger sized meshes of a net or 
trawl upon which is overlaid (and attached by a binding) a 

30 netting of conventional twist, 

PANEL is one of the sections of a trawl and is made to fit 
generally within and about frames shaped by riblines offset from 
the longitudinal axis of symmetry of the trawl. 

PITCH is the amount of advance in one turn of one product 

35 strand twisted about another product strand (or strands) when 
viewed axially, or common advance of the twist of a strap along 
its axis of symmetry. For product strands, pitch values are 
determined with respect to the diameter of the next- to-largest 
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product strand. For straps, pitch values are determined with 

respect to the width of the strap. 

LAY is the direction in which the strands or the strap wind 

when viewed axially and in a receding direction. 
5 INTERNAL LAY OR TWIST is the direction in which synthetic or 

natural fibers comprising each product strand are wound when such 

strand is viewed axially and in a receding direction. 

INTERNAL BRAID describes the method of formation of a 

particular product strand. 
10 FRONTROPE ( S ) is a terra that includes all lines located at 

perimeter edge of the mouth of the trawl, net or the like, such 

as headrope, footrope (or bottomrope) and breast lines. The 

frontropes have a number of connections relative to each other 

and to the bridle lines. 
15 BRIDLES relates to lines that intersect the frontropes and 

attach to the tow lines. For a particular port or starboard tow 

line, a pair of bridles extend from a common connection point 

therewith, back to the frontropes. 

TRAWL SYSTEM is a term that includes the trawl, net or the 
20 like in association with the tow lines therefor as well as the 

bridles lines. 



Brief Description of Drawings 

FIG. 1 is a illustrative side view of a trawl system 
25 depicting a mid-water trawl being towed by a vessel; 

FIG. 2 is a detail top view of the trawl of FIG.l; 

FIG. 3 is a fragmentary enlargement of a mesh cell included 
in the trawl depicted in FIGs. 1 and 2; 

FIG, 4 is a cross-section taken along line 4-4 of FIG. 3 
30 illustrating one possible configuration for product strands that 
form mesh bars of the mesh cell; 

FIGs. 5, 6 and 7 are sections akin to that depicted in FIG. 
4 illustrating various alternative configurations of product 
strands; 

35 FIG. 8 is a side view of an alternate trawl system including 

a mid-water trawl being towed by a vessel; 

FIG. 9 is a detail top view of the trawl of FIG. 8; 

FIG. 10 is another fragmentary enlargement of a mesh cell 
included in the trawl depicted in FIGs. 8 and 9; 
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FIG. 11 a cross-section taken along line 11-11 of FIG. 10 
illustrating one possible configuration for straps that form mesh 
bars of the mesh cell; 

FIGs, 12-19 are sections akin to that depicted in FIG. 11 
5 illustrating various alternative configurations for straps; 

FIG. 20 is a partially-sectioned elevational view of a strap 
having a parallelogram cross-sectional shape together with a 
shackle adapted for use with the parallelogram- shaped strap; 

FIGs. 20a and 20b are cross-sectional elevational views of 
10 alternatively shaped, parallelogram cross-sectional straps 
similar to that depicted in FIG. 20; 

FIG. 21 is a plan view illustrating coupling together four 
shackles of the type depicted in FIG. 20 to form an X-pattern 
that is used in assembling parallelogram shaped straps into a 
15 mesh cell of a trawl; 

FIGs. 22 and 23 are plan views illustrating fabrication of 
smaller sized mesh cells using straps; 

FIGs. 23a-23e are cross-sectional views of alternative 
embodiment straps having M S" or M Z" cross-sectional shapes; 
20 FIGs. 24a is an elevational cross-sectional view, orthogonal 

to a longitudinal axis of a woven strap, depicting various fibers 
that make up the strap; 

FIG. 24b is an elevational cross-sectional view along the 
longitudinal axis of the woven strap taken along the line 24b-24b 
25 in FIG. 23a having a structure that may be modified to provide a 
cross-sectional shape similar to those depicted in FIGs. 23a-23e; 

FIG. 25 is a plan view illustrating fabrication of smaller 
sized mesh cells using straps using an alternative method to that 
illustrated in FIGs. 22 and 23; 
30 FIGs. 26a and 26b depict cross-sectional shapes for 

alternative structure straps having angled shaping strips 
disposed along leading and trailing edges of the straps; 

FIGs. 27a and 27b are plan views illustrating shapes for 
alternative structure straps having angled shaping strips 
35 disposed along leading and trailing edges of the straps; 

FIGs. 28a through 28c are plan views illustrating various 
different configurations for corkscrew-shaped product strands; 
and 
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FIG. 29 is a plan view of a mesh bar in which one product 
strand spirals around another product strand. 



Best Mode for Carrying Out the Invention 
5 Referring to FIG. 1/ a towing vessel 10 at a surface 11 of 

a body of water 12 , tows a mid-water trawl 13 of a trawl system 
9. The trawl 13 is positioned between the surface 11 and an 
ocean bottom 14. The trawl 13 can be connected to the towing 
vessel 10 in many ways, such as by a main towing line 18 connect- 

10 ed through door means 19/ towing bridles 20 and mini-bridles 21, 
22. A series of weights 23 is attached to mini-bridle 22. 
Likewise, the shape and pattern of the trawl 13 can vary as is 
well known in the art. As shown, the trawl 13 has a forward 
section 24 that includes forward projecting wings 25 for better 

15 herding at mouth 26. The forward section 24, including wings 25, 
is seen to define a mesh size that is larger than that used for 
a mid-section 27, back-end 28, or codend 29 of the trawl 13. 

FIG. 2 illustrates the wing 25 of the trawl 13 of FIG. 1 in 
more detail and includes a series of mesh cells 30 of quadratic 

20 cross-section that are part of panel 31 and are offset from axis 
of symmetry 32 of the trawl 13. The size of mesh cells 30 is 
determined by a distance between adjacent knots or equivalent 
couplers 34. Different sections of the trawl 13, and even 
different regions within a section, use different size mesh cells 

25 30, which generally form a repeating pattern within that section 
or region of a section. 

As shown in FIG. 3, the mesh cells 30 each have a longitudi- 
nal axis of symmetry 30a, and are formed of a series of mesh bars 
35 that include several product strands 36, 37. As explained in 

30 greater detail below, the product strands 36, 37 may be twisted 
about a common axis of symmetry 38 in either one of two lay 
directions: clockwise or counterclockwise as viewed axially along 
common axis of symmetry 38 and in a receding direction estab- 
lished upstream of the trawl 13. Forming the cork-screw shape of 

35 the mesh bars 35 is described in the PCT patent application, that 
is hereby incorporated by reference. 

As indicated in FIGs. 1 and 2, the length of mesh bars 35 
varies along the length of the trawl 13. For example, the mesh 
bars 35 in the forward section 24 have a length of at least 10 ft 
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(304.8 cm). Alternatively, the mesh bars 35 in the mid-section 
27 of the trawl 13 have length between 10 ft. (304.8 cm) and 0.75 
ft (22.86 cm) . The mesh bars 35 of the back-end 28 have a length 
less than 0.75 ft (22.86 cm). 
5 FIG. 4 shows one configuration for the product strands 36, 

37 in greater detail. As shown, the product strands 36, 37 vary 
in diameter wherein principal product strands 36a, 36b are of a 
larger, equal diameter than auxiliary product strands 37 located 
in recesses 40 formed between the principal product strands 36a, 

10 36b. Such auxiliary product strands 37 each consists of a 
product strand 37a of smaller diameter than product strands 36a, 
36b sandwiched between a pair of even smaller diameter auxiliary 
product strands 37b. The larger product strands 36a, 36b have 
outer surfaces 39 in tangential contact with each other along a 

15 single, three dimensional contact curve. The product strands 37 
tangentially contact the outer surfaces 39 of the larger product 
strands 36a, 36b at locations offset from that of the latter. 
The configuration depicted in FIG. 4 produces a hydrofoil section 
having surprisingly superior results in operations. 

20 FIGs. 5, 6 and 7 show variations of the invention akin to 

that depicted in FIG. 4. 

FIG. 5 illustrates a variation on the number and shape of 
the product strands 36, 37. That is, a single larger product 
strand 36a 1 can be mounted in tangential contact with smaller 

25 strand 37a 1 with a still smaller strand 37b 1 located in recesses 
40' therebetween. 

FIG. 6 illustrates another variation from the configuration 
depicted in FIG. 5 which adds additional auxiliary product 
strands 46 of even smaller diameter than those of unequal 

30 diameter principal and intermediate product stands 36a", 37a" at 
tangential positions within recesses 40". That is, such product 
strands 46 are located in the two recesses 40" formed adjacent to 
a single tangential contact point 47 between the product stands 
36a", 37a". 

35 As shown in FIG. 7, the number, orientation and size of 

product strands, generally indicated at 50 has changed. Two 
smaller product strands 50a, 50b of equal diameter sandwich a 
larger diameter product strand 50c. The product strands 50a, 50b 
and 50c establish recesses 51 which receive a plurality of much 
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smaller diameter product strands 52. The cross-sectional shape 
depicted in FIG, 7, even though formed from product strands , 
approaches that of a strap that will be discussed in greater 
detail herein below. As a cross-sectional shape of combined 
5 product strands approaches that of a strap, parameters for 
straps / rather than for product strands, should be used in 
designing the trawl. 

It should be pointed out that product strands are synthetic 
or natural fibers or filaments which are preferably but not 

10 necessarily the product of a conventional manufacturing process, 
usually made of nylon, polyethylene, cotton or the like twisted 
in common lay direction. Such strand can be twisted, plaited, 
braided or laid parallel to form a sub-unit for further twisting 
or other use within mesh bars 35 in accordance with the teachings 

15 of the present invention and the PCT patent application. In 
general, bonded product strands exhibit significantly greater 
lift, e.g. a 1.3 to 1.7 or greater increase in lift, than 
unbonded product strands of identical diameter. To minimize drag 
while maximizing lift a densely laid, heat set and bonded product 

20 strand, densely braided product strand, or strap, each of which 
has a substantially incompressible cross-sectional shape and a 
somewhat roughened surface, is preferred for preserving, during 
and after assembly of the trawl 13 or 283, the profile and 
configuration of the mesh bars 35 and 283, as well as that of the 

25 cambered sections created by the loose, corkscrew-shape, particu- 
larly upon application of tensile forces to mesh bars 35 and 283. 
Alternatively, in applications where maximizing lift is a primary 
consideration and breaking strength and drag requirements are 
easily satisfied, bonding may be used to make product strands or 

30 straps substantially incompressible while reducing manufacturing 
cost. Bonding resists a tendency for product strands or straps 
to compress during assembly and field operations, and therefore 
better preserves designed hydrofoil characteristics of the mesh 
bars 35 and 283. Variations in applying a bonding material 

35 during assembly of mesh bars 35 further permits controlling their 
external shape and filling gaps between product strands. A 
urethane polymeric material, or material having similar proper- 
ties, is adequate as a bonding material. 
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FIG. 8 shows towing vessel 260 at a surface 261 of a body of 
water 262 towing a mid-water trawl 263 of a trawl system 264. 
The trawl 263 is positioned between the surface 261 and a bottom 
265/ and connected to the towing vessel 260 via main tow lines 
5 268, door means 269, towing bridles 270, mini bridles 270a, and 
frontropes 271 that include breastlines 271a, and headropes 271b. 
A series of weights 272 attach to the towing bridles 270. The 
trawl 263 is made up of four panels (sides, top and bottom 
panels), and includes wings 274 for better herding at mouth 275. 

10 As shown in FIG. 9, the forward section includes a series of mesh 
cells 280 of parallelogram design that are offset from a central 
axis of symmetry 281. 

FIG. 10 show the mesh cells 280 in more detail. As shown in 
FIG. 10, the mesh cells 280 each have an axis of symmetry 282 

15 that is offset from the central axis of symmetry 281 of the trawl 
263. Since the shape of the trawl 263 varies along the axis of 
symmetry 281 from almost cylindrically shaped at the wings 274 to 
a more frustoconical shape over the remainder, the orientation of 
the axes of symmetry 282 of individual mesh cells 280 vary with 

20 respect to the axis of symmetry 281 of the trawl 263. Thus, with 
respect to the axis of symmetry 281 of the trawl 263, the axis of 
symmetry 282 of the mesh cells 280 may be parallel, non-parallel 
and non-intersecting, and/or non-parallel and intersecting. But 
note that axes of symmetry 282 of the mesh cells 280 are always 

25 offset from the axis of symmetry 281 of the trawl 263. In the 
illustration of FIG. 10, the mesh bars 283 of each mesh cell 280 
are respectively formed by straps 284 arranged in a X-pattern 
using a series of mechanical connections 285 to maintain such 
orientation. Each strap 284 is twisted, such direction being 

30 normalized to the receding direction of use, as indicated by 
arrow 28 6. Such twisting of the straps 284, either left-handed 
or right-handed as required, occurs about an axis of symmetry 288 
of the strap 284 in accordance with the teachings set forth in 
the PCT patent application. As a result, leading and trailing 

35 edges 287 are formed. 

FIG. 11 illustrates one possible cross-sectional configura- 
tion for the strap 284. The configuration depicted in FIG. 11 is 
basically a parallelogram with diametrically opposite corners 
284a being truncated while diametrically opposite corners 284b 



WO 98/46070 PCT/US98/07848 

- 14 - 

have pointed edges. Sides 284c are approximately of equal 
length. The loose, corkscrew-shaped pitch is directly related to 
the length between opposite corners 284a, i.e the width of the 
strap 284. Generally, for generating lift and reducing drag a 
5 densely constructed strap 284, formed from a densely woven and 
bonded strap material, having a substantially incompressible 
cross-sectional shape and a somewhat roughened surface is pre- 
ferred. Variations in applying a bonding material permits 
controlling the external shape of a strap. A urethane polymeric 

10 material, or material having similar properties, is adequate as 
a bonding material. 

FIGs. 12-19 show variations of the invention akin to that 
depicted in FIG. 11. 

In the illustration of FIG. 12, corners 300 of strap 284 1 

15 are pointed rather than being truncated as depicted in FIG. 11. 
Opposite corners 301 define angles a and p where p > a. Sides 
302 are approximately of equal length so the cross-section is 
that of an equilateral parallelogram. The loose, corkscrew- 
shaped pitch is directly related to the lengths between far 

20 corners 300. 

FIG. 13 depicts a hexagonal cross-section for strap 284" 
having sides 305 of approximately the equal length. Corners 306 
define an included angle y while corners 307 define included 
angles 6 where 6 > y. The loose, corkscrew-shaped pitch is 

25 directly related to the length between the corners 306. 

In FIG. 14, strap 284 ,M is formed of a quasi-rectangular 
cross-section by the inclusion of a single larger diameter 
product strand 400 sandwiched between a pair of smaller diameter 
product strands 401, that are all enclosed within a sheath 402. 

30 The smaller diameter product strands 401 make tangential contact 
with the product strand 400 at contact points 403 lying in a 
plane that intersects axes of symmetry of the product strands 
400, 401. 

In FIG. 15, strap 284"" is of a quasi-rectangular cross- 
35 section formed of a strand 410 encircled with a larger sheath 411 
which is gathered at diametrically opposite locations to form 
oppositely positioned ridges 413. 

In FIG. 16, the strap 284"" 1 is formed of a pair of larger 
diameter strands 415, intermediate diameter strands 416 located 
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within recesses 417 of the larger strands 415, and a series of 
smaller diameter strands 418, all surrounded by a sheath 420. 

In FIG. 17, strap 284""" is triangular in cross-section 
including sides 425 and hypotenuse 426 opposite of right angle 
5 Since the side 425a is longer than side 425b, the cross-section 
is termed "asymmetric". 

In FIG. 18, strap 284"""' is quasi-triangular in cross- 
section including sides 428 and hypotenuse 429 opposite of right 
angle 5. Since the side 428a is longer than side 428b and the 
10 fact that the side 428b and hypotenuse 429 are curved (meeting at 
corner 430), the cross-section is termed "quasi-asymmetric". 

In FIG. 19, strap 284"""" is again quasi-triangular in cross- 
section including sides 430 and hypotenuse 431 opposite of right 
angle (. Since the side 430a is longer than side 430b and the 
15 fact that the side 430b and hypotenuse 431 are curved (and do not 
meet at any identifiable location) , the cross-section is termed 
"quasi-asymmetric" . 

FIGs. 23a through 23c depict various "S" or "Z" cross- 
sectional shapes that provide improved performance when used for 
20 the straps 284 of mesh cells 280. As depicted in FIGs. 23a-23e, 
the "S" or "Z" cross-sectional shapes for the straps 284 add a 
drooping leading edge 338 and a raised trailing edge 339 to the 
rectangular cross-sectional shape of a conventional strap. 
During testing, twisted straps 284 having a cross-sectional shape 
25 such as those illustrated in FIGs. 23a-23e have exhibited greater 
lift and lower drag than a simple, rectangularly-shaped strap 
.284. 

FIG. 24a illustrates various fibers that are assembled to 
form a simple, rectangularly-shaped strap 284. In the illustra- 

30 tion of FIG. 24a, spaces between various fibers making up the 
strap 284 are greatly exaggerated to facilitate illustration of 
the structure of the strap 284. The fibers of the strap 284 
include larger-diameter, longitudinal core fibers 342 which 
extend along the length of the strap 284. Smaller-diameter 

35 longitudinal fibers 344, arranged on both sides of the core 
fibers 342, also extend along the length of the strap 284. 
Lateral fibers 346 encircle and bind together the core fibers 342 
and longitudinal fibers 344. Surface fibers 348 are woven about 
the lateral fibers 34 6 independently on each side of the core 



WO 98/46070 



- 16 - 



PCT/US98/07848 



fibers 342 and the lpngitudinal fibers 344. Finally, binder 
fibers 352 completely encircle the lateral fibers 346 located on 
both sides of the core fibers 342 and longitudinal fibers 344 
thereby securing together the lateral fibers 346, the core fibers 
5 342 and longitudinal fibers 344. 

FIG. 24b depicts a cross-section of the strap illustrated in 
FIG. 24a in which two of the smaller-diameter longitudinal fibers 
344 located along diametrically opposite edges of the strap 284 
have been replaced with larger diameter fibers 354. Modifying 

10 the structure of a conventional strap 284 by including two such 
larger diameter fibers 354 as illustrated in FIG. 24b results in 
a strap 284 having a cross-sectional shape similar to those 
illustrated in FIGs. 23a-23e. Appropriately selecting a diameter 
for the larger diameter fibers 354 permits adjusting the respec- 

15 tive extensions of the leading edge 338 and the trailing edge 
339. 

FIG. 20 illustrates a strap 284 having a cross-sectional 
shape that is substantially that of a parallelogram, i.e. similar 
to the shape of the strap 284 1 depicted in FIG. 12. The paral- 

20 lelogram-shaped strap 284 depicted in FIG. 20 is assembled by 
appropriately arranging and then laminating together a stack of 
individual, rectangularly shaped straps 304. In general, the 
straps 304 may be secured to each other in various ways such as 
by sewing, clamping, riveting, gluing or an equivalent technique. 

25 However, for straps 304 made from polymeric materials lamination 
appears to be preferably effected by ultrasonic bonding or 
welding . 

Also depicted in FIG. 20 is a shackle 312 that is particu- 
larly adapted for use with the strap 284 depicted there. The 

30 shackle 312 includes a surface 314 that slopes with respect to a 
longitudinal axis of the strap 284 extending to the right of the 
shackle 312. The sloping surface 314 contacts one surface of the 
parallelogram-shaped strap 284 while a vertical surface 316 of 
the shackle 312, that is oriented perpendicular to the longitudi- 

35 nal axis of the strap 284 extending to the right of the shackle 
312, contacts an adjoining surface of the strap 284. The sloping 
surface 314 in combination with the vertical surface 316 of the 
shackle 312 prevent the strap 284 from twisting with respect to 
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the shackle 312 upon application of a tensile stress to the strap 
284. 

FIG. 21 depicts four shackles 312 of the type depicted in 
FIG. 20 through each of which pass straps 284 having the shape 
5 depicted in FIG. 20. The four shackles 312 are flexibly joined 
together and interconnected by a length of spliced rope 322 to 
form the X-pattern of larger mesh cells 280 of the trawl 13 
depicted in FIGs. 8 and 9, e.g. the mesh cells 280 that form the 
forward section including wings 274 and a mid-section 276 

10 thereof. In this way the shackles 312 and the spliced rope 322 
mechanically join together the straps 284. 

FIGs. 20a and 20b depict alternative embodiments of the 
parallelogram-shaped strap 284 depicted in FIG. 20. As with the 
strap 284 depicted in FIG. 20, the straps 284 depicted in FIGs. 

15 20a and 20b are respectively assembled by laminating together two 
(2) and four (4) individual, rectangularly shaped straps 304. 
Even in the absence of twisting, parallelogram-shaped straps 284 
such as those depicted in FIGs. 20, 20a and 20b create a lifting 
force that is approximately one-half of the lifting force for the 

20 same strap when twisted. The direction of the lifting force, 
i.e. horizontally to the left or right in FIGs. 20a and 20b, 
depends upon the relationship between the laminated straps 304 
and the direction of water flow. 

In addition to using twisted straps for the mesh cells 280 

25 that form the wings 274 and mid- section 276 of the trawl 263, it 
is also advantageous to use such twisted straps for an back-end 
277 and for a codend 278 of the trawl 263. However, since much 
smaller mesh cells 280 are required for the back-end 277 and for 
the codend 278 than for the wings 274 and mid-section 276, it is 

30 economically impractical to assemble small mesh cells 280, e.g. 
4 inch mesh cells 280, in the way illustrated in FIG. 21. 
Instead, as illustrated in FIGs, 22 and 23, smaller mesh cells 
280 may be fabricated by arranging elongated straps 332, prefera- 
bly made from a polymeric material and twisted as described 

35 above, along zigzag rows of pins 334 included in a jig. The 
arrangement of the twisted straps 332 about the pins 334 juxta- 
poses short sections 336 of two adjacent straps 332 between 
immediately adjacent pairs of pins 334. The smaller mesh cells 
280 are then established by laminating together the short 
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sections 336 # preferably by ultrasonic bonding or welding, or any 
of the other methods described above. Laminated ultrasonic 
bonding or welding of the short sections 336 appears to be 
preferred for maintaining the strength of the strap 332/ and to 
5 avoid distorting the shape of the twisted straps 332 between 
successive short sections 336 along each strap 332. 

A jig for fabricating the smaller mesh cells 280 may orient 
the pins 334 either in a horizontal or in a vertical plane. If 
the jig orients the pins 334 in a horizontal plane, then the 

10 straps 332 to be laminated together are arranged between pairs of 
pins 334 that are located along one edge of the jig while 
fabricated mesh cells 280 are stored on an opposite side of the 
jig during assembly and fabrication of immediately subsequent 
rows of mesh cells 280. If the jig orients the pins 334 in a 

15 vertical plane, then the straps 332 to be laminated together are 
arranged between pairs of pins 334 that are located along an 
upper portion of the jig while fabricated mesh cells 280 are 
stored in a lower portion of the jig or on a floor of a fabrica- 
tion area during assembly and fabrication of immediately subse- 

20 quent rows of mesh cells 280. 

The vertically oriented apparatus for forming the smaller 
mesh cells 280 from appropriately twisted straps 332 may be 
adapted for machine arrangement of the straps 332 and machine 
lamination of the short sections 336. Such a mechanical appara- 

25 tus for fabricating the mesh cells 280 need employ only two row 
of pins 334 arranged in the zigzag manner, and then add only two 
more twisted straps 332 which form two more rows of mesh cells 
280 to those mesh cells 280 previously fabricated using the same 
two zigzag rows of pins 334. Even faster vertically oriented 

30 machine fabrication of smaller mesh cells 280 may be effected by 
establishing a linear array of straps 332 along an upper portion 
of a machine. All of the straps 332 then feed downward concur- 
rently in a zigzag manner guided by pins that oscillate horizon- 
tally back and forth within a single cell in synchronism with the 

35 descending straps 332. In this way, the short sections 336 of a 
particular strap 332 would first be juxtaposed with a short 
section 336 of a strap located on one side of the particular 
strap 332, and then subsequently be juxtaposed with a short 
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section 336 of a strap located on the opposite side of the 
particular strap 332. 

Instead, as illustrated in FIGs. 22 and 23, smaller mesh cells 
280 may be fabricated by arranging elongated straps 332 , prefera- 
5 bly made from a polymeric material and twisted as described 
above, along zigzag rows of pins 334 included in a jig. The 
arrangement of the twisted straps 332 about the pins 334 juxta- 
poses short sections 336 of two adjacent straps 332 between 
immediately adjacent pairs of pins 334. The smaller mesh cells 

10 280 are then fixed by laminating together the short sections 336, 
preferably by ultrasonic bonding or welding, or any of the other 
methods described above. Laminated ultrasonic bonding or welding 
of the short sections 336 appears to be preferred for maintaining 
the strength of the strap 332, and to avoid distorting the shape 

15 of the twisted straps 332 between successive short sections 336 
along each strap 332. 

In the method illustrated in FIGs. 23 and 24, the straps 332 
twist in opposite directions on opposite sides of the pins 334. 
FIG. 25 illustrates an alternative method for assembling smaller 

20 mesh cells 280 for the for the trawl 263 in which straps 332 
extend straight along a line that slopes upward from left to 
right (indicated by broader lines), or downward from left to 
right, indicated by narrower lines). Straps 332 that extend in 
such straight lines have only a single, uniform direction of 

25 twist along their entire length, rather than an alternating 
direction of twist which changes at each of the pins 334s in 
FIGs. 23 and 24. Similar to the assembly method described for 
FIGs. 23 and 24, the method of depicted in FIG. 25 juxtaposes 
short sections 336 of two adjacent straps 332. Correspondingly, 

30 the smaller mesh cells 280 are then fixed by laminating together 
the short sections 336 in the manner described above. 

FIGs. 26a and 27a illustrate straps 284 having symmetrical, 
angled shaping strips 372 disposed along both a first edge 374 
and a second edge 376 of straps 284. As is apparent from the 

35 illustrations, the shaping strips 372 alternately project from 
one side surface 382 and then an opposite side surface 384 of the 
strap 284. Moreover, the shaping strips 372 wrap around either 
the first edge 374 or the second edge 376 in passing from one 
surface 382 to the other surface 384. Properly orienting and 
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positioning the shaping strips 372 projecting from one surface 
382 or 384 of the strap 284 with respect to twisting of the 
straps 284 aligns that portion of the shaping strip 372 on the 
cambered section substantially parallel to water flow past the 
5 mesh bar 283 while the portion of the shaping strip 372 on the 
other side 384 or 382, which extends between a pair of immediate- 
ly adjacent cambered sections, is oriented substantially perpen- 
dicular to water flow. The straps 284 that include the shaping 
strip 372 exhibit greater lift, improved hydrodynamic character- 

10 istics under larger twisting pitches, and increased twisting 
stability. The shaping strips 372 may be formed in various ways 
such as by stitching. FIGs. 26b and 27b illustrate straps 284 
for which shaping strips 372 disposed along the first edge 374 
are formed with a different angle from the shaping strips 372 

15 disposed along the second edge 376 of straps 284. 

FIGs. 28a through 28c depict various different configura- 
tions for mesh bars 35 having the loose, corkscrew- shaped pitch 
that establishes deep grooves 391 formed by the corkscrewing of 
the product strands 36, 37. In the illustration of FIG. 28a, the 

20 product strands 36, 37 twist equally about the common axis of 
symmetry 38, and a dashed line 392 indicates a cutting plane 
along a cambered section 394 of the mesh bar 35. In that FIG., 
an arrowed line 396 indicates a possible direction of a water 
flow vector past the mesh bar 35. A narrowest width of cork- 

25 screw-shaped mesh bars 35 having the configuration illustrated in 
FIG. 28a at a bottom of grooves 391 measured parallel to the 
direction of the groove with a conventional vernier caliper ap- 
proaches a diameter of the largest product strand 36 or 37 as the 
pitch increases, and a widest width at the cambered section 394 

30 is substantially equal to a sum of diameters of the product 
strands 36 and 37. 

While for maximizing lift and minimizing drag there exists 
an ideal orientation for the dashed line 392 indicating the 
cambered section 394 with respect to the arrowed line 396 

35 indicating the water flow vector, the present invention permits 
engineering a trawl 13 having nearly maximum lift while minimiz- 
ing drag even though the angular relationship between the dashed 
line 392 and the arrowed line 396 varies. Thus, the arrowed line 
396 may be parallel to the dashed line 392, or may be skewed at 
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an angle on either side of the dashed line 392 as will likely 
occur due to flexing of the mesh cells 30 of the trawl 13 during 
field operations in a water entrained environment. However, in 
assembling the trawl 13 or 263 the loose, corkscrew-shaped pitch 
5 of the mesh bars 35 is engineered to properly orient the dashed 
line 392 indicating the cambered section 394 with respect to the 
anticipated orientation of arrowed line 396 indicating the water 
flow vector depending upon the location of a mesh cell 30 or 280 
within the trawl 13 , and upon the hydrodynamic characteristics of 

10 particular product strands 36, 37 or straps 284 assembled into 
the mesh bars 35 or 283. 

FIG. 28b depicts a configuration for the product strands 36, 
37 in which the product strand 36 spirals around the product 
strand 37 which is aligned coaxially with the common axis of 

15 symmetry 38. Similar to the illustration of FIG. 28a, the dashed 
line 392 in FIG. 28b indicates the cutting plane through the mesh 
bar 35 along the cambered section 394 of the mesh bar 35, and the 
arrowed line 396 indicates a possible direction of the water flow 
vector past the mesh bar 35. Also similar to the mesh bar 35 

20 depicted in FIG. 28a, the narrowest width of corkscrew-shaped 
mesh bars 35 having the configuration illustrated in FIG. 28b at 
a bottom of grooves 391 measured parallel to the direction of the 
groove with a conventional vernier caliper approaches a diameter 
of the largest product strand 36 or 37, and the widest width at 

25 the cambered section 394 is substantially equal to the sum of 
diameters of the product strands 36 and 37, FIG. 28c depicts a 
configuration for product strands 36, 37 in which the a pair of 
product strands 37 spiral around the product strand 36 which is 
aligned coaxially with the common axis of symmetry 38. Similar 

30 to the illustration of FIGs. 28a and 28b, a pair of dashed lines 
392 in FIG. 28c indicate cutting planes through the mesh bar 35 
that pass through cambered sections 394, and a pair of arrowed 
lines 396 indicate possible directions for the water flow vector 
past different locations along the mesh bar 35. In the forward 

35 section 24 of the trawl 13, each mesh bar 35 made of product 
strands includes a series of at least thirty- five (35) cambered 
sections 394, In the forward section of the trawl 263, each mesh 
bar 283 made of straps 284 includes a series of at least twenty- 
five (25) cambered sections. 
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One characteristic of the mesh bar 35 depicted in FIG. 28 is 
that field operations in a water entrained environment applies a 
force that urges the product strand 36 to slide along the product 
strand 37. FIG. 29 depicts a configuration for such a mesh bar 
5 35 which prevents the product strand 36 from sliding along the 
product strand 37 by including the product strand 36 among 
strands 397 of a conventional braided sheath 398 that encircles 
the product strand 37. 

10 Industrial Applicability 

For many applications, various of the structures described 
above for the mesh bars 35 and 283 may be selected for assembly 
and arranged to form the trawl 13 or 263 so that lift generated 
by mesh bars 35 or 283 is directed substantially uniformly away 

15 from the axis of symmetry 32 or 281 of the trawl 13 or 263. This 
configuration for the mesh bars 35 or 283 yields maximum trawl 
volume. However, for other fishing conditions the orientation 
and design of the mesh bars 35 or 283 may be arranged so cumula- 
tive lift created by the mesh bars 35 or 283 of the bottom panel 

20 of the trawl 13 or 263, while directed away from the axis of 
symmetry 32 or 281 of the trawl 13 or 263, exhibits a lesser 
magnitude than cumulative lift created by the mesh bars 35 or 283 
of the top panel. In this latter configuration, the trawl 13 or 
263 exhibits a net upward lift toward the surface 11 or 261 of 

25 the body of water 12 or 262. 

Although the present invention has been described in terms 
of the presently preferred embodiment, it is to be understood 
that such disclosure is purely illustrative and is not to be 
interpreted as limiting. Consequently, without departing from 

30 the spirit and scope of the invention, various alterations, 
modifications, and/or alternative applications of the invention 
will, no doubt, be suggested to those skilled in the art after 
having read the preceding disclosure. Accordingly, it is intended 
that the following claims be interpreted as encompassing all 

35 alterations, modifications, or alternative applications as fall 
within the true spirit and scope of the Invention . 



